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In this issue of Blood, Reshmi et al 1 report a study that defines a protocol for identifying kinase-driven high-risk (HR) features, known as "Ph-like" expression profile, in patients with acute lymphocytic leukemia (ALL). Revealing the underlying genetic aberration allows better prognostication and may point to potential therapeutic options for specific patients. Originally identified in pediatric patients, this Ph-like or kinase-driven ALL (KD-ALL) subtype has also been found to be common among adults. 2, 3 The journey to the routine identification of these kinase-activating genetic alternations started 8 years ago and required extensive efforts and use of different laboratory methods to become feasible. The most important take-home message from this work is that the time has come for routine screening for kinase-activating alterations in ALL. Although this study is published before clinical outcome data of the patients enrolled in the Children's Oncology Group study have matured, the clinical significance of identification of KD-ALL is well established. 4 Reshmi et al confirm the complexity of the genetic alteration map of these potentially targetable aberrations. The authors also provide a working diagnostic paradigm starting with a simple gene expression screening test, which reliably identifies patients in whom genetic testing for kinase-activating alterations is futile. Of 202 patients whose suggested score for screening was below 0.5, only in 1 was a potentially targetable fusion detected (HOOK3-FGFR1 genes). turnaround time for results is several weeks. Thus, only a limited number of specialized laboratories are up to the challenge. Nevertheless, the time has come to devise a schema for effective kinase alteration screening, which should be taken into consideration in current practice (see figure) .
S
Patients identified by fluorescence in situ hybridization (FISH) or polymerase chain reaction tests to carry common translocations, such as BCR/ABL or others that define a specific entity according to the 2016 World Health Organization classification, 5 are excluded from further screening. The highest priority for gene expression screening testing is patients presenting with HR features, those with high CRFL2 expression, and individuals with a minimal residual disease (MRD) level higher than 0.01% at the end of induction therapy. The results reported by Reshmi and colleagues support the incorporation of CRFL2 expression assessment in routine flow cytometry evaluation for B-ALL patients. In the current cohort, 80% of patients presenting with high CRFL2 expression carry a kinaseactivating lesion. Both FISH and polymerase chain reaction may serve as substitutes to immunophenotyping in CRFL2 identification. KD-ALL is more common among patients presenting with traditional HR factors. Reshmi and colleagues screened samples collected as part of clinical protocols from HR patients, patients with standard risk (SR) presenting with central nervous system or testicular involvement or those in whom MRD was detected after induction. In this subgroup of SR patients, KD-ALL was diagnosed in 17% of patients. The prevalence of KD-ALL among MRD-negative SR patients is not known.
Although the significance of this study is unequivocal, some areas of uncertainty remain. In 20% of patients presenting with high CRFL2 expression, no culprit translocation was identified. Although the false-negative rate of a low gene expression screening score is documented by the authors, the rate of false positivity is still unknown. Furthermore, a kinase-affecting alteration was not detected in 42 (14.8%) of the 284 patients defined as positive by the suggested cutoff. It is unclear whether these patients suffer from KD-ALL with their underlying activating aberration yet to be defined or if this represents false positivity of the suggested screening method. Another outstanding question is the applicability of allogeneic stem cell transplantation (allo-SCT) in KD-ALL patients achieving MRD negativity. There are scant and conflicting data available on the actual risk of relapse in MRD negative KD-ALL patients, and the outcome data of such cases following allo-SCT are likewise limited. The risk may be different for patients with ABL or CRFL2 translocation and could also be age-dependent. At least in adults, allo-SCT may be justified based on the poor general outcome reported.
Finally, it is tempting to match any found alteration with a drug that blocks the activated kinase. However, it should be emphasized that although KD-ALL patients are known to have a poor prognosis, the beneficial effect of ABL-or JAK-targeted therapies is currently based on anecdotal reports. The CRLF2/JAK aberration may be unstable in relapse 6 and therefore may not be effective in such cases. The clinical experience associated with the use of TKIs in ABLactivated cases seems promising.
Ongoing prospective pediatric studies could provide evidence regarding the targeted approach in KD-ALL. As long as a clear match between a kinase-activating genetic alteration and a specific drug is not established, one should also consider the use of some of the newly approved anti-ALL antibodies as therapeutic augmentation in these HR patients.
The study by Reshmi et al is a call for action. Screening patients for KD-ALL is to be encouraged, and prospective and retrospective studies are warranted to define the optimal clinical approach in these patients.
Conflict-of-interest disclosure: The author declares no competing financial interests. Now I cuss less about ICUS However, many patients have a normal karyotype and lack the most distinctive pathologic features of MDS, such as ring sideroblasts or an excess of myeloid blasts. In such cases, it may be difficult to exclude or establish a definitive diagnosis, and a degree of diagnostic variability has been recognized. The term "idiopathic cytopenia of undetermined significance" (ICUS) describes a broad category of patients with persistent unexplained cytopenias that do not meet criteria for MDS. As a diagnosis, however, ICUS has been known to inspire a measure of frustration, or even the rare obscenity, among clinicians.
Recent studies have established an important paradigm: a sizeable fraction of patients with ICUS have MDS-associated somatic mutations, and these patients may share genetic and clinical characteristics with those who have bona fide MDS. 2, 3 However, the natural history of patients with clonal versus nonclonal cytopenias has not been demonstrated, and evidence to guide clinical practice has been scant. Malcovati et al evaluated mutations in a panel of 40 genes in a prospective cohort of 683 patients who presented for clinical evaluation of unexplained cytopenias and validated their findings in an independent cohort. On the basis of independent pathologic review, patients were determined to have myeloid neoplasm, ICUS, or "other" cytopenia. As was expected, most patients with myeloid neoplasms harbored canonical myeloid mutations, whereas these mutations were much less frequent in patients with ICUS or other cytopenias. Both the number of somatic mutations and the size of the mutant clone, as inferred from the variant allele fraction, had significant predictive values for myeloid neoplasm. However, there was marked heterogeneity in the clinical characteristics of specific mutations. For example, some mutations had high predictive value for myeloid neoplasm irrespective of co-occurring mutations, including those affecting RNA splicing (SF3B1, SRSF2, SF3B1), JAK2, and RUNX1. Others, such as mutations in TET2, DNMT3A, or ASXL1, had low predictive value unless paired with additional mutations. These results are highly consistent with data showing that somatic TET2, DNMT3A, and ASXL1 clones are commonly found in the blood of aging individuals and may require cooperating genetic events to cause development of clinically apparent myeloid malignancies. 4, 5 Using these mutation patterns, Malcovati et al asked whether patients with ICUS could be segregated by molecular profile into groups with distinct outcomes or likelihood of clinical progression. They found that patients with clonal ICUS had a much higher rate of progression (14-fold higher) than did patients with nonclonal ICUS. Importantly, they further showed that patients with clonal ICUS defined by highly specific mutation profiles had similar clinical characteristics to those with low-risk MDS patients, including older age, male bias, overall survival, and risk of disease progression. Somatic mutation status has not yet been substantively integrated into the latest revision to the World Health Organization (WHO) classification scheme.
6 However, these findings should incite active discussion about whether the presence of highly specific mutation patterns in patients with ICUS provide presumptive evidence of bona fide MDS, even in the absence of definitive morphologic findings.
In contrast, does a negative molecular test have value in the evaluation of unexplained cytopenias? Many patients with unexplained cytopenias never develop a myeloid neoplasm. Prospective identification of this group of low-risk patients, who may need less invasive diagnostic testing and a more limited follow-up strategy, could reduce health care expenditures and provide more peace of mind for patient and physician. Malcovati et al show that the absence of somatic clonal mutations, particularly when paired with standard cytogenetic analysis, have a high negative predictive value. Similarly, patients with "mild" dysplastic changes and a negative mutation panel had exceptionally good outcomes, even though they formally fulfilled WHO morphologic MDS criteria. The predictive value of a negative test was enhanced by analyzing more genes, suggesting that there is utility in expanding the breadth of diagnostic gene panels.
Together, these findings have clear clinical implications, especially in the large population of patients with ICUS or MDS with mild dysplastic changes. However, several questions remain about how to fully integrate these findings into clinical practice. What is the role of bone marrow examination in the evaluation of unexplained cytopenias? Does a negative test obviate the need for a bone marrow study? Can a diagnosis of MDS be made without morphologic examination? How would prognostic models, such as the Revised International Prognostic Scoring System, be affected by refinement of MDS diagnosis to include MDS-defining mutation profiles? Future studies with ever-longer follow-up in longitudinal studies with comprehensive genetic annotation will be necessary to address these questions. At a minimum, staging of presumptive MDS by bone marrow
